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PHASE  I  REPORT 


NATIONAL  DAM  SAFETY  PROGRAM 


Name  of  Dam 
State  Located 
County  Located 
Stream 

Da£Ws  of  Inspection 


Fellows  Lake  Dam 
Missouri 
Greene  County 
Little  Sac  River 
March  22,  1979 


Fellows  Lake  Dam  was  inspected  by  an  interdisciplinary  team  of  engineers 
for  Henry  Reitz,  under  contract  with  the  St.  Louis  District  Corps  of  Engineers. 
'■nThe  purpose  of  the  inspection  was  to  make  an  assessment  of  the  general  condition 
of  the  dam  with  respect  to  safety,  based  upon  available  data  and  visual  inspec¬ 
tion,  to  determine  if  the  dam  poses  hazards  to  human  life  or  property. 


The  guidelines  used  in  the  assessment  were  furnished  by  the  Department  of 
the  Army,  Office  of  the  Chief  of  Engineers  and  developed  with  the  help  of  several 
Federal  and  State  agencies,  professional  engineering  organizations  and  private 
engineers.  Based  on  these  guidelines  this  dam  is  classified  as  a  large  dam 
with  a  high  downstream  hazard  potential.  The  estimated  damage  zone  from  failure 
of  the  dam  extends  approximately  35  miles  downstream  from  the  dam. 


w  Failure  would  threaten  approximately  30  dwellings  and  cause  appreciable 
damage  to  commercial  buildings,  utilities  and  power  lines,  two  highways  and 
other  secondary  roads  and  McDaniel  Lake  Dam  located  downstream. 


The  guidelines  for  a  dam  having  the  above  size  and  hazard  potential  require 
that  the  spillway  be  capable  of  passing  a  Probable  Maximum  Flood.  The  Probable 
Maximum  Flood  (PMF)  is  defined  as  the  flood  discharge  that  may  be  expected  from 
the  most  severe  combination  of  critical  raeteorologic  and  hydrologic  conditions 
reasonably  possible  in  the  region.  Considering  the  large  volume  of  water  impounded, 
the  height  of  the  dam  and  the  hazard  to  downstream  residences  and  property,  ti.e 
Probable  Maximum  Flood  is  the  appropriate  spillway  design.  The  PMF  will  neither 
cause  the  lake  surface  to  be  above  the  top  of  dam  nor  exceed  the  discharge 
capacity  of  the  spillway's  700  feet  long  weir.  The  concrete  portion  of  the 
spillway  channel  is  not,  however,  capable  of  containing  the  flow  resulting  from 
the  PMF.  Flows  of  50%  PMF  and  greater  will  begin  to  exceed  the  design  spillwav 
channel  capacity  which  could  cause  considerable  erosion  damage  to  the  spillway 
channel.  The  lake  and  spillway  are  adequate  to  contain  a  1%  annual  probability 
flood  (100-year  flood)  without  exceeding  the  design  spillway  capacity. 

Other  deficiencies  observed  by  the  inspection  team  were  lack  o{  seepage  and 
stability  analyses  and  recurrent  need  for  grouting.  These  deficiencies  are  further 
discussed  in  the  attached  report. 


We  recommend  the  owner  take  prompt  action  to  correct  or  control  the 
deficiencies  described. 
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Masonry  Deterioration 


SECTION  1  -  PROJECT  INFORMATION 


1.1  GENERAL 

a.  Authority  The  National  Dam  Inspection  Act,  Public  Law  92-367, 
authorized  the  Secretary  of  the  Army,  through  the  Corps  of  Engineers,  to 
initiate  a  program  of  safety  inspection  of  dams  throughout  the  United  States. 
Pursuant  to  the  above,  the  St.  Louis  District,  Corps  of  Engineers,  District 
Engineer  contracted  with  Henry  Reitz  (Contract  DACW43-79-M-1767)  for  a 
safety  inspection  of  the  Fellows  Lake  Dam,  MO  ID  No,  20036. 

b.  Purpose  of  Inspection  The  purpose  of  the  inspection  was  to  make 
an  assessment  of  the  general  condition  of  the  dam  with  respect  to  safety, 
based  upon  available  data  and  visual  inspection  to  determine  if  the  dam 
poses  hazards  to  human  life  or  property. 

c.  Evaluation  Criteria  Criteria  used  to  evaluate  the  dam  were  furnished 
by  the  Department  of  the  Army,  Office  of  the  Chief  of  Engineers,  in  "Recommended 
Guidelines  for  Safety  Inspection  of  Dams".  These  guidelines  were  developed 
with  the  help  of  several  Federal  agencies  and  many  State  agencies,  professional 
engineering  organizations  and  private  engineers. 

1.2  DESCRIPTION  OF  PROJECT 

a.  Description  of  Dam  and  Appurtenances  This  is  a  rolled  impervious 
earth  core  dam  approximately  1500  feet  long,  having  a  maximum  height  of  aoout 
100  feet.  A  wing  dam  varying  in  height  from  10  to  25  feet  extends  the  south 
end  of  the  dam  about  600  feet  from  the  main  dam  to  a  junction  with  a  700-foot 
long  concrete  overflow  weir  into  the  side  of  a  channel  spillway.  The  axis  of 
the  main  dam  is  on  a  northeast /southwest  line  across  the  valley  of  the  Little 
Sac  River,  4.5  miles  north  of  Interstate  44,  about  six  miles  from  the  public 
square  in  Springfield,  Mo.  The  main  dam,  constructed  on  a  cement-grouted 
limestone  foundation  was  completed  in  1955.  A  diversion  tunnel  in  the  south 
end  of  the  dam  is  an  8-foot  concrete  lined  horseshoe  section  about  808  feet  long. 

Since  the  impoundment  is  to  supplement  the  water  supply  of  the  City  of 
Springfield,  a  30-inch  diameter  cast  iron  draw-off  pipe  is  constructed  within 
the  8-foot  horseshoe  from  a  concrete  plug  about  50  feet  from  the  lake  end  of 
the  tunnel  to  the  brick  bulkhead  at  the  outlet  end  of  the  tunnel.  Adjacent 
to  a  trash  rack  at  the  intake  end  of  the  tunnel  is  a  9-foot  diameter  concrete 
intake  manhole  with  a  top  elevation  of  1269.5  and  provision  to  withdraw  water 
at  elevations  1247.0,  1222.0,  1197.0  and  the  bottom  of  the  tunnel,  elevation 
1172.0  (centerline  30-inch  inlet).  At  the  lower  end  of  the  30-inch  draw-off 
pipe  there  is  a  5-foot  diameter  concrete  control  manhole  constructed  on  the 
8-foot  horseshoe  tunnel  about  36  feet  upstream  of  the  tunnel  outlet.  The 
valves  can  be  operated  from  a  concrete  platform  at  the  top  of  the  manhole  which 
is  at  grade  near  the  toe  of  the  dam.  These  outlet  facilities  enable  the  City 
to  control  flows  to  supplement  withdrawals  from  McDaniel  Lake  a  few  miles 
downstream  on  the  Little  Sac  River.  A  steel-plate  door  in  the  downstream 
brick  bulkhead  in  the  8-foot  tunnel  gives  access  for  inspection  of  the  tunnel 
and  the  30-inch  cast  iron  pipe  draw-off.  A  trash  rack  is  at  the  submerged 
entrance  to  the  concrete  tunnel. 
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The  spillway  is  a  concrete  side  channel  100  feet  wide  with  vertical 
walls,  2,700-foot  long  crest  at  elevation  1260,  a  chute  and  stilling  basin. 

Topography  in  the  vicinity  of  the  dam  is  shown  on  Plate  1. 

Pertinent  physical  data  are  given  in  paragraph  1.3  below. 

b.  Location  The  dam  is  located  in  Greene  County  about  A. 5  miles  north 
of  the  northwest  corner  of  the  City  of  Springfield  as  shown  on  Plate  2.  The 
dam  is  in  Sections  15  and  22,  T30N,  R21W,  with  the  lake  in  Sections  13,  14,  15, 
22,  23,  24,  25  and  26  of  T30N,  R21W  and  a  bit  of  the  upper  end  of  the  lake  in 
Section  19,  T30N,  R20W.  The  lake  is  shown  on  the  1961  edition  (photo-revised 
1970)  of  the  USGS  7.5  minute  quadrangle  Bassville  (Missouri-Greene  County) sheet . 
The  topography  of  the  watershed  is  on  Plate  9  which  is  from  the  USGS  15  minute 
"Strafford"  1947  Edition. 

c.  Size  Classification  Criteria  for  determining  the  size  classification 
of  dams  and  impoundments  are  presented  in  the  guidelines  referenced  in  paragraph 
1.1c  above.  Based  on  these  criteria  this  dam  and  impoundment  are  in  the  Large 
Size  Category. 

d.  Hazard  Classification  Guidelines  for  determining  hazard  classifica¬ 
tion  are  presented  in  the  same  guidelines  referenced  in  paragraph  "c"  above. 
Based  on  referenced  guidelines  this  dam  is  in  the  High  Hazard  Classification. 

e.  Ownership  The  dam  is  owned  by  the  City  of  Springfield,  Mo. ,  City 
Utilities,  Water  Department,  301  E.  Central  St.,  Jewell,  P.0.  Box  551, 
Springfield,  Mo.,  65801;  417-865-8311. 

f.  Purpose  of  Dam  This  dam  forms  a  751-acre  lake  with  26,239  acre-feet 
of  storage  below  the  spillway  crest  from  contours  (27,837  acre-feet  record). 

Its  principal  purpose  is  to  serve  as  a  supplemental  water  supply  for  the  City 
of  Springfield.  Controlled  recreational  use  is  permitted. 

g.  Design  and  Construction  History  The  Water  Department  of  City  Utilities 
of  Springfield  have  furnished  the  inspection  team  a  set  of  as-built  plans  (31 
sheets)  and  the  Contract  and  Specifications  prepared  in  1954  by  Alvord,  Burdick 
and  Howson,  Engineers  and  Harza  Engineering  Co.,  Consultants,  both  of  Chicago. 
The  spillway  for  the  dam  is  designed  to  carry  a  provisional  flow  of  25,000  cfs. 
The  diversion  tunnel  was  designed  to  have  the  following  approximate  capacities: 

Depth  Above 

Top  of  Tunnel  Discharge  Capacity  (cfs) 


10 

630 

20 

890 

30 

1090 

50 

1400 

80 

1780 

The  average  annual  flood  was  assumed  to  be  about  1100  cfs.  For  design 
of  the  draw-off  control  valves  with  centerline  about  1170,  the  maximum  water 
level  in  the  reservoir  was  assumed  to  be  1265.0. 
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The  dam,  spillway  and  outlet  facilities  were  built  as  shown  on  the 
as-built  plans  and  presumably,  in  accordance  with  the  specifications. 

h.  Normal  Operating  Procedures  Normal  rainfall,  runoff,  transpiration 
and  evaporation  combine  to  maintain  a  relatively  stable  water  surface  eleva¬ 
tion.  Withdrawals  are  made  only  when  downstream  McDaniel  Lake  cannot  satis¬ 
factorily  fulfill  the  water  supply  needs  of  Springfield.  The  available  records 
show  the  lowest  lake  level  to  have  been  1252.3  on  January  1  and  February  1, 

1965  and  the  highest  1260.2  on  February  1,  1968  and  February  1,  1969. 


1 . 3  PERTINENT  DATA 

a.  Drainage  Area  -  12,858  acres  (20.09  square  miles) 

b.  Discharge  at  Damsite  - 

(1)  All  discharge  below  the  spillway  crest  at  elevation  1260  at  the 
damsite  is  through  a  controlled  outlet  manhole  (supplemented  by  control  or 
choice  of  withdrawal  elevation).  All  spillway  overflows  are  uncontrolled. 

(2)  Estimated  experienced  maximum  flood  at  damsite  -  not  available. 

(3)  Estimated  ungated  spillway  capacity  at  maximum  pool  elevation  - 
at  water  surface  elevation  1265.0;  26,800  cfs;  at  water  surface  elevation  - 
1272.0;  55,800  cfs. 

(4)  An  800-foot  long  bulkheaded  tunnel  in  virgin  ground  with  upper 
flowline  and  lower  flowline  elevations  of  1170  and  1168,  respectively,  to 
which  a  vertical  lake  inlet  leads.  The  tunnel  section  is  an  8-foot  0  inches 
by  8-foot  0  inches  horseshoe  with  invert  circular  segment. 

(5)  The  lake  inlet  drop  shaft  is  circular,  9-foot  0  inches  in 
diameter  with  top  elevation  1169.  The  top  has  a  grated  cover. 

c.  Elevation  (Feet  Above  MSL) 

(1)  Top  of  dam  -  1272  feet  +  (see  Plate  3) 

(2)  Spillway  crest  -  1260.0 

(3)  Streambed  at  centerline  of  dam  -  1172  feet  +  (est.) 

(4)  Maximum  tailwater  -  unknown 

d.  Reservoir  Length  of  maximum  pool  -  15,800  feet  + 

e.  Storage  (Acre-Feet)  -  Top  of  dam  -  36,368  acre-feet 


Spillway  crest  -  26,239  acre-feet 


f .  Reservoir  Surface  - 


(1)  Top  of  dam  -  812  acres 

(2)  Spillway  crest  -  751  acres 

g.  Dam  - 

(1)  Type  -  earth  embankment 

(2)  Length  -  2000  feet 

(3)  Height  -  102  feet  maximum  (from  flowline  of  Little  Sac  River) 

(4)  Top  width  -  20  feet 

(5)  Side  Slopes  - 

(a)  Downstream  -  1  V  on  2^  H  -  10-foot  berms  with  concrete 
gutters  at  1240  and  1210. 

(b)  Upstream  -  1  V  on  3  H  down  to  elevation  1240;  1  V  to  3k  H 
below  1240. 

(6)  Zoning  -  see  Section  2 

(7)  Impervious  core  -  select  densified  earth  fill. 

(8)  Cutoff  -  impervious  select  core  carried  down  to  rock 

(9)  Grout  Curtain  -  see  Section  2 

h.  Diversion  and  Regulating  Tunnel  8-foot  concrete  lined  horseshoe¬ 
shaped  tunnel  used  for  diversion;  30-inch  cast  iron  draw-off  pipe  controlled 
with  valving. 

i.  Spillways  Concrete  side  overflow  spillway  100  feet  wide,  vertical 
walls;  700-foot  long  with  concrete  chute  and  stilling  basin. 

j.  Regulating  Outlets  Selective  draw-offs  at  four  elevations  with 
valve  controlled  outlet  on  30-inch  cast  iron  pipe. 
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SECTION  2  -  ENGINEERING  DATA 


2.1  DESIGN 

As  mentioned  in  paragraph  1.2g  the  inspection  team  has  had  available 
the  construction  plans  (31  sheets)  ^nd  specifications  prepared  by  the 
designers  of  the  dam,  Alvord,  Burdick  &  Howson,  Engineers,  with  Harza 
Engineering  Co.,  Consultants,  both  headquartered  in  Chicago.  The  pertinent 
dimensional  design  information  is  listed  in  paragraph  1.3.  There  were  also 
available:  1)  Engineering  Geologic  Report  on  the  Fellows  Lake  Site  prepared 
January  10,  1975  by  J.H.  Williams  of  the  Office  of  the  Missouri  State  Geologist 
and  2)  "The  Geology  of  the  Fellows  Lake  Area"  by  Thomas  R.  Beveridge,  Missouri 
Geological  Survey,  no  date. 


2.2  CONSTRUCTION 

The  dam  was  constructed  in  1954-1955.  As  the  plans  indicate,  the  rolled 
embankment  was  built  in  zones.  The  impervious  cutoff  fill  and  impervious 
middle  section  of  the  dam  are  designated  as  Zone  1  on  the  plans  and  were 
constructed  of  fine  material  such  as  silt,  clay  and  earth  rolled  with  the 
proper  amount  of  moisture  to  form  a  dense  impervious  embankment.  The  plans 
indicate  Zone  1  fill  above  sound  rock  with  slopes  of  1  H  to  2  V  up  to  a 
horizontal  width  of  15  feet  at  elevation  1265.0.  The  downstream  section  of 
the  dam  outside  the  limits  of  the  Zone  1  impervious  fill  is  shown  as  Zone  2 
on  the  plans  and  was  constructed  of  the  coarser  materials  available  in  the 
excavation  and  borrow  pits  such  as  coarse  sand  and  gravel  mixed  with  broken 
rock.  Upstream,  beyond  the  limits  of  Zone  1,  the  plans  designated  the  area 
Zone  3  and  the  specifications  called  for  "coarser  materials  than  in  the 
impervious  sections  (Zone  1)  but  the  finer  sands  and  gravels  shall  be  used 
in  this  portion  of  the  work,  if  sufficient  clay  is  not  available". 

The  downstream  toe  of  dam  was  constructed  of  broken  rock  or  coarse  gravel 
designated  on  the  plans  as  "rip-rap".  No  pieces  of  rock  were  permitted 
weighing  more  than  300  pounds  or  less  than  3  inches  in  any  dimension. 

The  specifications  called  for  exploratory  drilling  into  the  exposed  rock 
foundation  and  tests  for  tightness.  They  further  called  for  "a  line  of  holes 
25  feet  apart  along  the  centerline  of  the  dam  and  each  hole  grouted  prior  to 
drilling  the  next".  The  depth  and  spacing  of  the  holes  was  modified  as  experi¬ 
ence  dictated.  The  specifications  further  state:  "The  contractor  shall  be 
prepared  to  do  as  much  grouting  as  may  be  required  to  secure  a  tight  foundation 
before  proceeding  with  the  rolled  fill  cutoff".  Prior  to  construction,  explora¬ 
tory  work  disclosed  the  presence  of  one  or  more  caverns.  The  specifications 
require  that  "A  6-inch  hole  shall  be  drilled  into  any  cavern  discovered  and 
the  cavern  filled  with  Class  B  concrete". 

On  the  downstream  face  of  the  dam  the  design  called  for  and  there  was 
built  a  system  of  concrete  gutters  to  collect  the  surface  water.  Principal 
parts  of  these  gutters  were  built  on  berms  at  elevations  1240  and  1210. 
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The  8-foot  concrete  horseshoe  section  diversion  tunnel  was  built  as  shown 
on  the  plans  as  was  the  30-inch  cast  iron  pipe,  valves  and  control  manholes 
for  withdrawals  as  required  to  supplement  the  water  supply  for  the  City  of 
Springfield. 

The  overflow  spillway  and  spillway  channel  were  constructed  of  Class  A 
concrete  as  called  for  on  the  plans.  Underdrains  were  provided  as  shown. 


2.3  OPERATION 


Since  construction  of  the  dam  there  have  been  no  significant  dry  or  wet 
periods  and  the  lake  level  has  only  varied  between  elevations  1252.3  and  1260.2 
(spillway  crest  1260.0). 

During  filling  of  Fellows  Lake  Reservoir  in  1955,  several  localized 
leakage  conditions  developed.  They  were  generally  confined  to  the  north  and 
south  abutments  of  the  main  and  wing  dam  construction.  Leakage  was  attributed 
primarily  to  existence  of  fractured  and  revised  limestone  strata  underlying 
the  wing  dam  section,  spillway  section  and  the  north  and  south  abutments.  To 
alleviate  the  leakage  and  seepage  conditions,  the  Water  Department  initiated 
a  grouting  program  in  1957.  The  biennial  report  for  the  period  ending  March 
31,  1973,  states:  "This  grouting  program  has  effectively  sealed  the  dam  from 
seepage  and  leakage  and  no  further  work  has  been  required  in  recent  years". 

In  conjunction  with  the  grouting  programs,  observation  holes  were  drilled 
and  the  Water  Department  since  has  been  collecting  regular  (monthly)  observa¬ 
tions  of  water  levels  to  ascertain  any  changes  in  seepage  patterns.  The  inspec 
tion  team  has  had  available  from  the  City  of  Springfield  the  weekly  progress 
reports  of  the  drilling  and  grouting  in  1957.  These  reports  indicate  the  City 
of  Springfield  had  as  consultants  at  one  time  or  another  on  matters  concerning 
Fellows  Lake,  in  addition  to  Alvord,  Burdick  &  Howson  and  Harza  Engineering  Co. 
Malcolm  Pirnie  Engineering,  Ford,  Bacon  &  Davis,  Burns  and  McDonnell  and  A.C. 
Kirkwood  &  Assoc. 


The  extent  of  the  1957  grouting  can  be  evaluated  from  the  following  from 
the  Weekly  Project  Report  No.  10  for  September  29  through  October  6,  1957,  by 
R.S.  LaRusso,  Resident  Engineer  for  Springfield: 


Holes  grouted  to  date 


93 


Permanent  Curtain  Holes  Completed 

(only  deep  holes  considered  thus  far)  33 

Materials  injected  to  date: 


cement 
rock  flour 
bentonite 
beet  pulp 


21,091  bags 
22,943  C.F. 

438  bags  (100#) 
23  bags  (50#) 


The  biennial  report  (period  ending  March  31,  1973)  also  states:  "Riprap 
on  the  dam  face  and  shoreline  adjacent  to  the  spillway  appeared  satisfactory. 
No  evidence  of  shoreline  erosion  was  observed.  The  overall  appearance  of  the 
upstream  dam  access  area  was  neat  with  all  areas  mowed  and  trimmed". 
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"Visual  inspection  of  the  intake  structure,  wing  dam,  spillway  and 
diversion  structure  indicated  these  facilities  to  be  in  generally  satisfactory 
condition.  Observation  of  the  diversion  tunnel  interior  revealed  it  to  be 
relatively  dry  with  very  little  leakage.  The  present  practice  of  periodi¬ 
cally  inspecting  these  structures  and  performing  the  necessary  maintenance  work 
indicated  should  be  continued. 

"Groundwater  seepage  from  drain  pipes  and  construction  joints  in  the 
lower  half  of  the  spillway  chute  was  observed.  No  turbidity  in  the  seepage 
was  noticed.  Regular  inspections  of  the  spillway  chute  area  for  slab  settle¬ 
ment  and/or  cracks  resulting  from  abnormal  seepage  conditions  should  be 
continued. 

"Concrete  berm  gutters  and  grass  cover  on  the  downstream  side  of  the 
dam  appeared  to  be  in  suitable  condition.  Some  debris  was  observed  in  about 
100  feet  of  the  lower  berm  gutter  near  the  south  end  of  the  dam  and  should  be 
removed . 

"Several  wet  areas  were  noted  in  the  downstream  face  of  the  dam.  These 
areas  have  existed  for  many  years  and  should  continue  to  be  regularly  inspected 
by  the  Water  Department  whenever  water  levels  are  read  in  the  observation  holes. 

"The  Water  Department  exercises  control  of  approximately  1600  acres  of  land 
around  the  shoreline  of  Fellows  Lake.  All  recreational  uses  of  the  impoundment 
and  surrounding  grounds  are  necessarily  restricted  to  protect  their  use  as  a 
public  water  supply  facility.  Boating  and  fishing  are  not  allowed  within  300 
feet  of  the  spillway  and  intake  structure.  Boat  motors  are  presently  limited 
to  40  hp. 

"The  Water  Department  is  continuing  to  add  riprap  along  the  dam's  cause¬ 
way  road  in  an  attempt  to  widen  the  road  shoulders  and  control  erosion.  This 
work  is  accomplished  randomly  as  riprap  material  becomes  available  from  the 
Water  Department's  several  construction  sites." 


2.4  EVALUATION 

a.  Availability  Having  access  to  the  contract  construction  specifica¬ 
tions  and  as-built  plans  for  the  dam,  spillway  and  outlet  facilities  gives  the 
inspection  team  an  excellent  opportunity  to  evaluate  the  dam,  particularly  its 
hydraulics  and  hydrology. 

b.  Adequacy  The  engineering  data  available  while  not  complete  do  make 
it  possible  to  make  a  reasonably  detailed  assessment  of  design,  construction 
and  operation.  The  owner  should  have  an  engineer,  experienced  in  design  of 
dams,  perform  detailed  seepage  and  stability  analyses. 

However,  from  the  available  plans,  specifications  and  other  pertinent 
records,  a  satisfactory  hydrologic/hydraulic  evaluation  resulted.  Supplemented 
by  the  visual  inspection  of  the  dam,  a  defensible  evaluation  of  the  dam  as  a 
structure  was  feasible. 
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c.  Validity  This  report  is  primarily  for  safety  through  maintenance 
and  operation  and  the  conclusions  and  evaluation  for  this  Phase  I  Inspection 
are  considered  adequate  for  the  definitive  statement  in  this  report.  Those 
items  of  available  data  which  could  be  measured  within  the  scope  of  a  Phase 
I  Inspection  or  checked  from  records  of  other  public  agencies  were  found  to 
be  valid. 
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SECTION  3  -  VISUAL  INSPECTION 


3.1  FINDINGS 

a.  General  A  visual  inspection  of  the  Fellows  Lake  Dam  was  made  on 
22  March  1979.  At  that  inspection  ihe  reservoir  had  been  lowered  to  permit 
not  only  routine  maintenance  but  work  along  the  lake  edge  of  the  spillway  apron. 

In  addition  to  the  field  inspection  the  records  at  the  City  of  Springfield 
were  generally  reviewed  and  shortly  thereafter,  copies  were  received.  Since 
as-built  plans  for  the  dam  and  spillway,  detailed  piezometer  records  plus 
biennial  reports  and  special  correspondence  since  completion  of  the  lake  were 
available,  additional  field  inspections  were  not  considered  necessary.  The 
inspection  was  made  by  John  J.  Bailey,  Jr.  and  Henry  M.  Reitz,  both  engineers 
of  more  than  30  years’  experience  with  formal  training  as  Civil  Engineers  and 
professional  experience  in  hydrology,  hydraulics,  soil  mechanics  and  founda¬ 
tions,  construction  materials,  surveying  and  structural  engineering.  For  a 
Phase  I  report  for  this  project,  the  field  inspection  indicated  that  it  and 
the  historical  data  supplemented  by  the  field  inspection  would  be  sufficient. 

b.  Dam  This  is  an  earth  dam  with  two  intermediate  berms  on  the  down¬ 
stream  side  primarily  for  maintenance  reasons. 

The  water  surface  had  been  lowered  below  spillway  apron  to  permit 
maintenance  work.  Additional  test  drilling  was  in  process  on  the  dam  which 
was  related  to  recent  questions  of  underseepage. 

Letter  reports  from  the  Missouri  Geological  Survey,  June  10,  1975  and 
March  1,  1977  were  available  (see  Appendix  B) .  Reservoir  and  dam  photos 
(R-l  through  R-6)  were  taken  at  the  general  dam  location.  Additional  photos 
at  other  portions  of  the  reservoir  were  made;  however,  they  are  not  considered 
pertinent  to  this  Phase  I  Inspection  report  and  therefore,  are  not  referenced 
into  it. 

The  nature  of  the  upstream  slope  and  top  of  dam  is  shown  in  photos  R-l, 

R-2  and  R-4.  Both  ends  of  the  spillway  are  built  into  natural  undisturbed 
terrain  with  the  spillway  set  into  bedrocks.  Photo  R-5  indicates  this  as  well 
as  photo  W-7.  The  intake  structure  in  the  lake  is  shown  on  photos  R-4  and  R-6. 

c.  Spillway  Apron  and  Weir  The  700-foot  long  concrete  weir  with  attached 
approach  apron  is  shown  in  photos  W-l  through  W-7.  Photo  W-5  shows  the  wall  at 
the  north  end  of  the  weir,  along  with  the  nature  of  the  bedrocks  behind  it. 

Photos  W-4  and  W-7  show  the  south  end  wall  of  the  weir  with  the  bedrock  materials 
behind  it.  Photos  W-2  and  W-3  show  the  excavation  from  the  trench  for  inspection 
and  construction  purposes  along  the  reservoir  side  of  the  apron,  as  well  as 
general  characteristics  of  the  concrete  in  the  apron  and  the  type  of  natural 
materials  in  the  subgrade.  Photo  W-6  shows  the  lip  of  the  weir  as  it  projects 
above  the  apron. 

d.  Spillway,  Channel  and  Chute  Photos  C-l  through  C-9  are  general 
pictures  of  the  100-foot  wide  by  700+  foot  long  concrete  lined  channel  taking 
the  discharge  directly  from  the  weir  with  increasing  flow  quantities  from 
south  to  north,  thence  into  the  900-foot  lined  chute.  Photos  C-2,  C-4,  C-5 

and  C-7  show  the  steep  chute  part  of  the  channel  leading  into  a  depressed  bottom 
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section,  C-4,  at  the  base  of  the  slope  which  helps  in  dissipating  the  energy 
of  the  discharges  over  the  spillway  for  an  80+  foot  change  in  grade.  Photos” 

0-1,  C-3,  C-6  and  C-7  show  the  general  nature  of  the  terrain  above  the 
concrete  along  the  sides  of  the  chute. 

e.  Masonry  Deterioration  Photos  M-l  through  M-17  indicate  visible 
masonry  surface  conditions.  M-l,  M-2  and  M-3  indicate  cracking  in  vertical 
walls.  From  experience,  the  cracking  is  judged  primarily  to  be  the  result  of 
expansive  (neither  active  nor  at-rest)  earth  pressures  from  either  the  argilaceous 
seams  in  bedrock  behind  these  walls  or  the  backfill  with  these  materials 
between  the  wall  and  the  undisturbed  bedrock  strata.  Spalling  of  concrete 
sections  is  indicated  on  photos  M-5,  M-7  and  M-15.  Scaling  of  concrete  sections 
is  indicated  on  photos  M-3,  M-4,  M-6,  M-10,  M-12,  M-13  and  M-14  and  cracking  in 
the  continuous  concrete  sections  of  the  apron  and  weir  is  shown  on  photos  M-8, 

M-9,  M-ll  and  M-15. 


3 . 2  EVALUATION 

The  dam,  as  a  major  portion  of  the  water  supply  system  of  City  Utilities 
of  Springfield,  Mo.,  has  daily  attention  from  utility  personnel,  visual 
inspections  supplemented  by  periodic,  roughly  scheduled  inspections,  plus 
biennial  reports.  These  inspections,  in  conjunction  with  the  obvious  indica¬ 
tions  of  dam  maintenance,  are  far  better  summaries  of  absence  or  presence  of 
slides  and  cracking,  settlement  and  sinkholes,  erosion,  burrowing  animal 
activities  and  visual  signs  of  seepage,  especially  since  this  record  covers 
a  period  of  approximately  25  years,  albeit  not  completely  continuous.  The 
records  are  far  better  indication  of  performance  and  preventive  maintenance 
than  one  or  several  visual  inspections  over  the  period  in  which  this  report 
was  compiled. 

For  the  essentially  horizontal  bedrocks  in  this  area,  which  are  predom¬ 
inantly  limestones  the  locations  of  discharge  downstream  from  the  dam  either 
directly  into  the  channel  or  into  outcrops,  is  interesting  but  does  not  affect 
the  safety  of  the  dam  and  spillway.  If  the  main  interest  were  to  maximize 
storage  of  water  behind  the  dam  under  all  conditions  rather  than  evaluate  the 
safety  of  the  earth  dam  and  spillways,  the  role  of  the  geology  and  possible 
change  in  groundwater  regime  would  be  of  the  same  order  of  importance  as  the 
safety  of  the  dam  and  spillway.  However,  since  water  which  moves  down-valley 
past  the  dam  site  but  still  reaches  McDaniel  Lake  is  available  as  intended 
and  needed  for  the  municipal  water  system  of  the  City  of  Springfield,  the 
emphasis  of  this  investigation  is  on  the  stability  of  those  structures  which 
accumulate  surface  runoff  and  hold  the  general  reservoir  surface  in  Fellows 
Lake.  Whether  and/or  by  how  much  flows  have  been  increased  in  the  Little  Sac 
River  below  the  dam  cannot  be  determined  because  of  absence  of  reliable  base 
flow  information  prior  to  construction  of  the  dam. 


10 


SECTION  4  -  OPERATIONAL  PROCEDURES 


4.1  PROCEDURES 

The  purpose  of  Fellows  Lake  is  to  store  water  for  the  municipal  water 
supply  for  the  City  of  Springfield. 

The  reservoir  may  be  lowered  in  several  ways.  By  construction  of 
Fellows  Lake  the  groundwater  table  has  been  raised.  Because  of  the  bedrock 
characteristics  at  the  site  the  higher  area  groundwater  table  has  resulted 
in  discharge  at  spring  locations  downstream.  No  springs  are  shown  on  USGS 
7.5  minute  quadrangle  sheets;  however.  Crystal  Cave  is  shown  down-valley 
two  miles,  an  indication  of  fissures  in  the  bedrock  which  physical  condition 
only  differs  in  size  of  channel  between  caves  and  springs.  The  water  from 
these  springs  flows  to  the  Little  Sac  River  and  continues  downstream  to 
McDaniel  Lake.  A  water  purification  plant  for  Springfield  is  located  at 
McDaniel  Lake.  Since  water  reaching  McDaniel  Lake,  4  miles  down-valley,  is 
treated  for  the  Springfield  municipal  water  supply,  a  presumption  of  acceptable 
quality  is  logical. 

Another  method  to  lower  the  reservoir  is  by  opening  one  or  more  gated 
openings  in  a  vertical  intake  tower  with  top  at  elevation  1269  in  the  lake, 
according  to  plans  of  February  1955.  This  tower  connects  to  and  at  the  end 
of  the  tunnel  beneath  the  dam  crossing  its  centerline  at  approximately  16+75. 
This  intake  tower  has  16-inch  diameter  gated  openings  at  centerline  elevations 
1247,  1222  and  1197  plus  a  gated  30-inch  opening  at  the  centerline  elevation 
1172. 


In  addition  to  loss  of  water  from  the  reservoir  sides  and  bottoms,  the 
lake  may  be  drawn  down  by  opening  one  or  more  of  the  valved  inlets  in  the 
intake  tower.  From  indications,  none  of  these  gate  valves  operates  automa¬ 
tically;  they  are  manual. 

Discharge  when  the  lake  surface  exceeds  elevation  1260  will  be  overflow 
at  the  700-foot  long  weir. 


4.2  MAINTENANCE  OF  THE  DAM 

Visual  inspection  of  the  downstream  surface  of  the  dam  indicated  periodic 
mowing  or  cutting  has  controlled  growth  of  low  shrubs  or  anything  other  than 
grasses.  This  type  maintenance  discourages  burrowing  animal  activity.  Similar 
vegetative  cover  of  the  upstream  slope  and  maintenance  above  the  rock  armor 
coating  band  straddling  the  level  of  the  top  of  weir  was  observed.  A  road  from 
the  north  across  the  top  of  the  dam  to  a  turn-around  point  at  the  north  end  of 
the  spillway  had  rock  surfacing  to  prevent  troublesome  rutting.  All  these 
appear  well  maintained. 

On  the  berms  on  the  downstream  slope,  Portland  cement  concrete  paved 
swales  have  been  built  to  concentrate  flows  to  control  indiscriminate  erosion. 
These  are  also  well  maintained. 
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For  the  concrete  surfaces  of  the  spillway  system  no  major  maintenance 
appears  to  be  needed.  There  had  been  some  scaling  and  spalling  which  does 
not  endanger  the  integrity  of  the  structure  but  neither  scaling  nor  spalling 
could  easily  be  repaired  to  a  completely  esthetically  acceptable  condition. 
Some  hairline  cracking  was  visible  in  the  apron  and  weir  concrete  which  had 
been  or  was  in  the  process  of  being  repaired.  Also,  a  trench  at  the  reservoir 
edge  of  the  apron  for  inspection  and  repair  was  opened  in  March  1979  to  assure 
no  openings  were  at  the  contact  between  base  of  slab  and  top  of  subgrade  which 
could  permit  potentially  destructive  underseepage. 


4.3  MAINTENANCE  OF  OPERATING  FACILITIES 

No  operating  facilities  other  than  those  described  in  4.1  and  4.2  exist. 
Reports  do  not  indicate  detailed  maintenance  records  for  the  intake  structure 
or  the  diversion  tunnel.  While  the  gates  and/or  valves  are  needed  to  keep 
available  water  supplied  to  McDaniel  Lake,  they  do  not  in  any  reasonable 
sense,  affect  the  discharge  of  water  past  the  dam  during  periods  with  surface 
runoff. 


4.4  DESCRIPTION  OF  ANY  WARNING  SYSTEM  IN  EFFECT 

City  Utilities  has  stated  that  it  has  a  telephone  warning  plan  for 
persons  in  the  potential  impact  area  of  the  Fellows  Lake  Dam.  The  purpose 
of  this  plan  is  to  be  able  to  warn  persons  in  the  area  if  serious  danger  is 
foreseen  for  physical  conditions  at  the  dam  and  spillway. 


4.5  EVALUATION 

The  operational  procedures  described  are  sufficient  for  the  needs  of 
the  existing  Fellows  Lake  Dam  and  spillway. 
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SECTION  5  -  HYDRAULIC/HYDROLOGIC 


5.1  EVALUATION  OF  FEATURES 

a.  Design  Data  The  project  specifications  state  the  drainage  area 
is  20.2  square  miles,  that  the  spillway  is  designed  for  a  flow  of  25,000 
cfs  and  that  the  annual  flood  is  estimated  to  be  1000  cfs  from  records  at 
McDaniel  Dam  downstream.  No  other  design  data  was  readily  obtainable 
except  what  may  be  inferred  from  the  project  plans.  The  contract  plans 
show  incomplete  spillway  details  at  the  lower  end  of  the  chute  which  were 
expanded  and  revised  during  construction  to  the  configuration  shown  on  the 
"as-built"  plates  6,  7  and  A2. 

b.  Experience  Data  The  drainage  area  is  developed  from  USGS  Bassville 
and  Stratford,  Missouri,  1"=2000’  quadrangle  sheets,  Editions  of  1961,  Photo- 
revised  1970.  The  dam,  spillway  and  reservoir  are  shown  on  the  Bassville 
quadrangle  sheet,  including  contours  of  the  reservoir  area  at  10-foot 
intervals. 

There  are  16-inch  valves  at  three  levels  in  the  intake  tower  and  tandem 
30-inch  valves  at  elevation  1172.  These  allow  flow  through  a  short  section 
of  the  diversion  tunnel  to  the  concrete  bulkhead  where  the  30-inch  cast  iron 
pipe  carries  flow  under  pressure  to  the  control  valves  beyond  the  manhole 
at  the  toe  of  the  dam. 

An  "as-built"  plan  of  the  intake  tower  in  the  reservoir  at  the  upper 
end  of  the  diversion  tunnel  was  available.  This  shows  a  30-inch  cast  iron 
pipe  laid  from  a  bulkhead  in  the  diversion  tunnel  to  a  gate  manhole  near  its 
lower  end. 

c.  Visual  Observations  At  the  time  of  inspection  the  pool  had  been 
drawn  down  to  about  8  feet  below  the  spillway  by  use  of  the  regulating  valves 
in  the  diversion  tunnel  and  intake  tower. 

(1)  The  spillway  apron  in  the  reservoir  upstream  from  the  weir  and  the 
weir  and  spillway  channel  pavement  appear  to  be  in  good  condition.  Some  minor 
maintenance  of  the  channel  pavement  has  been  necessary.  From  a  viewpoint  of 
hydraulic  efficiency,  no  significant  deterioration  of  the  pavement  has  occurred. 

(2)  The  outlet  works  are  used  to  supplement  water  supply  at  the 
waterworks  facilities  at  McDaniel  Dam  downstream  and  are  opened  to  supply 
water  when  unregulated  flows  are  inadequate  for  demand. 

(3)  Between  Stations  5+00  and  9+00  the  west  side  of  the  spillway 
channel  is  built  partially  on  an  earth  fill.  This  fill  extends  2-1/2  feet 
above  the  concrete  channel  lining  and  has  a  10-foot  top  width  and  2H  on  IV 
side  slopes.  Spillway  releases  appreciably  above  design  flow  will  begin  to 
overflow  this  berm  about  Station  5+00.  This  overflow  will  return  to  the 
spillway  chute  at  about  Station  9+50  or  10+00.  Appreciable  depth  of  flow 
over  the  berm,  if  it  occurs  for  a  sufficient  length  of  time,  could  lead  to 
degradation  of  the  west  side  of  the  spillway  channel  and  possibly  threaten 
the  integrity  of  the  southern  portion  of  the  weir  controlling  the  reservoir. 
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A  400-foot  long  level  portion  of  the  paved  spillway  at  elevation  1165.0 
ends  at  a  5-foot  deep  cutoff  wall.  The  end  of  the  paved  spillway  is  about 
300  feet  from  the  toe  of  the  dam.  It  does  not  appear  that  spillway  releases 
will  endanger  the  integrity  of  the  dam  which  is  protected  by  a  rock  riprap 
toe  drain. 

Spillway  flows  equal  to  design  capacity  could  cause  considerable  damage 
to  the  lower  end  of  the  paved  channel,  in  view  of  the  velocities  that  would 
exist  near  the  lower  end  of  the  18%  grade  in  the  chute. 

d.  Overtopping  Potential  Hydrologic  and  hydraulic  calculations  are 
described  in  Appendix  A.  The  design  capacity  of  the  spillway  is  inadequate 
to  pass  the  required  Probable  Maximum  Flood  (PMF) .  The  Probable  Maximum  Flood 
is  defined  as  the  flood  discharge  that  may  be  expected  from  the  most  severe 
combination  of  critical  meteorologlc  and  hydraulic  conditions  reasonably 
possible  in  the  region.  The  design  capacity  of  the  spillway  •  ill  begin  to  be 
exceeded  by  a  flood  equal  to  40%  of  the  Probable  Maximum  Flood. 

(1)  Dam  Crest  If  it  is  assumed  that  the  spillway  operates  at 
discharges  appreciably  higher  than  design  capacity,  the  Probable  Maximum 
Flood  will  be  on  the  verge  of  overtopping  the  dam  at  maximum  reservoir  stage 
and  the  reservoir  will  be  within  two  feet  of  the  crest  of  the  dam  for  one 
hour.  This  level  is  5  feet  above  the  riprap  on  the  upstream  face  of  the  dam. 

(2)  Spillway  Crest  Although  the  dam  will  not  be  overtopped  if 
it  is  assumed  that  the  spillway  operates  at  greater  than  design  capacity, 
this  assumption  requires  that  the  spillway  operate  at  or  above  the  25.000  cfs 
design  capacity  for  a  period  of  6  hours  during  the  PMF.  The  peak  flow  would 
be  55,000  cfs.  Such  flows  could  severely  damage  the  west  side  of  the 
spillway  and  possibly  result  in  partial  drainage  of  the  reservoir  depending 

on  the  extent  of  degradation  of  the  spillway  pavement  and  spillway  crest  apron 
and  cutoff  wall. 

(3)  100-Year  Flood  The  existing  reservoir  and  spillway  will  pass 
a  100-year  flood.  The  reservoir  will  rise  a  maximum  of  2.8  feet  during  this 
event  and  peak  spillway  discharge  will  be  11,300  cfs. 

(4)  Impoundments  in  Watershed  There  are  several  dozen  small 

impoundments  in  the  watershed.  Failure  of  any  or  all  of  these  would  not 
have  a  significant  effect  on  the  hydrologic  analysis.  A  county  road  crosses 
the  upper  end  of  the  north  branch  of  the  reservoir  on  a  1000-foot  long  fill 
at  or  slightly  above  the  elevation  of  the  top  of  dam.  A  large  double  box 
culvert  is  provided  for  flow  through  the  fill.  This  low  fill  and  culvert 
was  omitted  from  the  hydraulic  analysis  because  it  would  be  overtopped 
during  the  Probable  Maximum  Flood.  Failure  of  this  low  fill  would  have 

no  significant  effect  on  the  hydraulic  analysis. 

(5)  Effect  of  Rupture  The  effect  from  rupture  of  the  dam  could 
extend  approximately  35  miles  downstream  of  the  dam  where  approximately  30 
inhabited  homes  downstream  could  be  severely  damaged  and  lives  of  the 
inhabitants  could  be  lost  should  failure  of  the  dam  occur. 
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SECTION  6  -  STRUCTURAL  STABILITY 


6.1  EVALUATION  OF  STRUCTURAL  STABILITY 

a.  Visual  Observations  Visual  observations  concerning  the  structural 
stability  of  this  dam  and  spillway  are  discussed  in  Section  3.  The  dam  and 
spillway  structural  stabilities  are  discussed  separately  herein  since  each  is 
a  major  structure  within  itself.  Each  has  been  discussed  separately  in  para¬ 
graphs  3.1b  and  3.1c,  respectively. 

b.  Design  and  Construction  Data  This  dam  has  unusually  good  record 
information,  starting  with  plans  and  specifications  prior  to  construction  by 
Alvord,  Burdick  &  Howson,  plus  as-built  plans  showing  some  changes.  Detailed 
records  during  construction  that  could  indicate  reasons  for  changes  other  than 
for  obvious  reasons  were  not  found.  However,  the  absence  of  discussions  of 
changes  is  not  felt  of  any  consequence  in  evaluating  the  Fellows  Lake  Dam  and 
spillway  for  Phase  I  Inspection.  Neither  analyses  of  dam  section  stability 
nor  seepage  through  and  under  the  dam  were  available.  A  seepage  analysis  is 

a  necessary  part  of  a  stability  analysis.  Especially  for  the  height  of  dam, 
the  history  of  grouting  and  the  seep  line  as  indicated  by  the  water  surfaces 
in  the  observation  holes,  tha  lack  of  stability  and  seepage  analyses  is  a 
deficiency. 

c.  Operating  Records  Biennial  reports  are  issued  in  odd-numbered  years 
on  operation  and  maintenance  by  the  Water  Department  for  the  City  Utilities 

of  Springfield,  Mo.  and  were  available.  These  reports  have  been  prepared  under 
contract  and  each  has  a  portion  which  specifically  concerns  the  Fellows  Lake 
Dam  and  Reservoir.  Engineering  consulting  offices  which  have  worked  on  the 
Fellows  Lake  Dam,  as  it  is  reflected  in  these  reports,  include  Bums  and 
McDonnell  and  A.  C.  Kirkwood  &  Assoc.  In  addition  to  these  biennial  reports, 
correspondence  indicated  more  detail  of  specific  investigations,  especially 
from  Harza  Engineering  Co.  with  Malcolm  Pirnie  Engineers  and  Ford,  Bacon  and 
Davis  in  1957  and  Harza  again,  in  1977. 

d.  Post-Construction  Changes  Observations  in  early  1957  detected 
unexpected  concrete  cracking  and  appearance  of  water  which  suggested  possible 
seepage  problems.  As  a  result,  12  "observation  holes"  equivalent  to  piezometer 
installations  open  to  atmosphere  were  installed  between  Stations  14+  and  18+ 

on  top  of  the  dam  and  two  berms.  Readings  of  water  surfaces  in  these  observa¬ 
tion  holes,  starting  in  1961  and  generally  being  continued  to  date,  were  made 
available.  These  readings  were  in  several  different  forms;  some  "raw"  data 
however,  all  could  be  used.  Due  to  some  higher  observed  water  surfaces  in 
1977,  six  additional  "observation  holes"  were  installed  at  that  time  on  the 
berm  elevation  1210  and  downslope. 

Three  periods  of  grouting,  1957,  1977  and  1979  are  reported  in  addition 
to  grouting  during  original  construction.  This  periodic  grouting  is  considered 
maintenance  rather  than  structural  modifications  for  the  Kinderhookian  Lime¬ 
stone  bedrock  characteristics  at  the  site  and  is  not  considered  unusual  or 
alarming  within  itself.  While  this  grouting  was  to  reduce  seepage,  both  under¬ 
seepage  and  possibly  through-seepage,  it  also  increases  structural  stability  of 
the  dam  section  by  reduction  in  seepage  forces.  A  numerical  evaluation  of  the 
factor  of  safety  resulting  from  grouting  cannot  definitively  be  made.  The 
riprap  toe-drain  shown  on  Plate  5  has  been  functioning  as  intended.  The 
greater  depths  to  the  phreatic  surface  for  the  observation  holes  on  the  slope 
with  top  at  1194  than  for  the  depths  to  the  phreatic  surface  for  the  observa¬ 
tion  holes  on  berm  elevation  1210  show  this. 
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No  evaluations  of  the  soil  strengths  on  subsurface  profiles  through 
the  dam  were  made.  A  program  of  sampling  and  laboratory  testing  along 
with  analysis  and  evaluation  for  which  this  information  could  be  used  is 
beyond  the  scope  of  a  Phase  I  Inspection. 

The  spillway  system  includes  a  concrete  approach  slab,  75  feet  wide, 
a  concrete  weir  700  feet  long  and  a  concrete  chute  with  100-foot  wide  bottom 
and  varying  height  side  wall  1600  feet  long  which  drops  85  feet.  Since 
construction  in  1954-1955  the  concrete  areas  have  developed  some  scaling, 
hairline  to  minor  cracking  and  spalling  or  chipping  off  locations.  Also, 
in  some  areas,  indications  are  that  soil  and/or  rock  surface  in  contact  with 
horizontal  or  vertical  concrete  sections  has  not  remained  planar. 

e.  Seismic  Stability  A  detailed  seismic  analysis  is  beyond  the  scope 
of  a  Phase  I  Inspection.  None  of  the  records  available  to  us  indicated  that 
a  seismic  evaluation  for  the  Fellows  Lake  Dam  has  been  made. 

Considering  the  seismic  zone  (1)  in  which  this  dam  is  located,  even 
though  the  dam  is  located  about  midway  between  two  fault  lines  aligning  the 
east-northeast  to  west-southwest  about  3-1/2  miles  apart,  a  detailed  seismic 
analysis  is  not  considered  as  important  as  determination  of  the  quantitative 
aspects  of  the  structural  stability  of  the  dam. 
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SECTION  7  -  ASSESSMENT/ REMEDIAL  MEASURES 


7.1  ASSESSMENT 

a.  Safety  As  is  the  case  in  all  dam  installations  there  is  an  inter¬ 
relationship  between  spillway  capacity  with  height  and  section  of  dam;  (more 
particularly,  the  vertical  distance  between  the  control  elevation  of  the 
spillway  weir  and  the  low  point  on  top  of  dam).  Since  the  Fellows  Lake  Dam 
configuration  has  the  spillway  acting  as  a  side  spill  discharge  into  an  exit 
channel  leading  to  a  chute,  the  water  abruptly  changes  direction  90  rather 
than  flowing  in  essentially  a  straight  alignment  as  typical  of  most  overflow 
spillway  installations.  For  Fellows  Lake  Dam  spillway  channel  capacity  is 
equally  important  to  weir  capacity. 

The  Fellows  Lake  Dam  has  a  spillway  weir  of  sufficient  length  to  discharge 
100%  PMF  without  having  the  reservoir  elevation  above  the  lowest  point  of  the 
dam.  However,  the  spillway  channel  and  chute  must  have  the  surface  of  the 
rapidly  flowing  water  above  portions  of  the  concrete  sidewall  protection  when 
the  discharge  over  the  weir  exceeds  40%  of  the  PMF.  The  specifications  state 
the  spillway  is  designed  for  25,000  cfs  which  will  develop  for  a  40%  PMF. 

It  is  my  considered  opinion  that  at  50%  of  the  PMF  there  is  a  probability 
that  erosion  with  deterioration  of  the  west  wall  of  the  spillway  chute  will 
begin.  This  location  is  on  the  other  side  of  the  spillway  from  the  dam.  It 
is  a  location  at  which  some  fill  had  to  be  placed  for  initial  construction. 

Flow  of  50%  PMF  or  greater  will  severely  damage  and  thereby  effectively  destroy 
the  usefulness  of  the  spillway  channel  and  chute.  It  is  not  felt,  however, 
that  such  chute  damage  could  cause  breaching  of  the  dam. 

Seepage  and  stability  analyses  have  not  been  quantified.  A  program  was 
started  in  1962  and  has  been  carried  on  effectively  continuously  with  expanded 
coverage  for  determination  of  the  surface  of  free  water  in  "observation  holes" 
at  locations  on  the  downstream  face  of  the  dam.  This,  in  effect,  is  actual 
input  on  a  seepage  history  and  is  more  pertinent  than  any  hypothetical  analysis 
of  the  dam  section  with  assumptions  of  physical  properties  for  the  zones  in  the 
fill  as  described  in  the  construction  documents  and  different  assumptions  of 
isotropic  or  anisotropic  seepage  properties  of  the  bedrocks  upon  which  the 
dam  has  been  set. 

The  need  for  grouting  within  the  dam  area,  at  different  times  since  1957, 
indicates  a  deficiency  which  cannot  be  permanently  corrected.  Subsurface  seep 
water  movement  along  paths  (all  of  which  cannot  be  located)  exists.  Paths  do 
exist  and  new  ones  may  develop.  Therefore,  this  changing  situation  is  an 
ongoing  deficiency. 

Some  minor  cracking  has  been  noted  in  concrete  sections.  There  has  also 
been  some  minor  scaling  and  spalling  from  concrete  surfaces.  These  occurrences 
are  not  considered  unusual  for  the  type,  sections  and  age  of  the  structure.  The 
1979  maintenance  on  the  apron  to  the  spillway  weir,  to  assure  freedom  from 
undermining  primarily  along  the  contact  between  the  bottom  of  concrete  and  top 
of  rocky  subgrade,  is  necessary  and  appears  effective. 
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The  cracking  patterns  in  portions  of  the  channel  sidewalls  are  judged 
to  be  the  result  of  non-uniform  volume  change  in  the  backfill  zone  or  bed¬ 
rock  directly  behind.  The  argilaceous  strata  in  the  bedrock  are  the  probable 
source  whether  used  as  a  dense  fill  or  exposed  but  not  disturbed  during 
original  construction. 

The  history  of  high  phreatic  surface  occurrences  near  the  berm  at 
elevation  1210  but  relatively  lower  concurrent  observations  downslope  suggest 
the  "Rip  Rap  Toe  Drain"  shown  on  Plate  5  to  be  functioning  as  intended.  The 
description  of  this  toe  drain  in  the  contract  specifications  is  incomplete  to 
be  considered  a  "graded  filter"  by  current  understanding.  More  should  be 
known  aLout  the  material  gradations  and  if  there  is  zoning  of  different  size 
materials.  This  lack  of  information  is  considered  a  deficiency  related  to 
the  seepage  analysis. 

b.  Adequacy  of  Information  The  original  contract  information  available 
for  this  development  (approximately  a  quarter  of  a  century  old)  plus  the  per¬ 
formance  history  and  external  visual  inspection  are  considered  sufficient  data 
to  support  the  conclusions  herein. 

Because  this  is  a  large  dam,  with  several  unusual  aspects,  it  is  necessary 
to  continue  the  observations  of  change  or  fluctuation  in  water  surfaces  in 
observation  holes,  any  unusual  erosion  or  settlement  in  portions  of  the  earth 
section  and  cracking  and/or  offset  in  the  concrete  sections  on  a  schedule  as 
has  been  the  case.  These  data  are  absolutely  necessary  for  evaluating  signifi¬ 
cance  of  change. 

c.  Urgency  The  remedial  measures  recommended  in  paragraph  7.2  should  be 
accomplished  in  the  near  future.  A  continuous  program  of  inspection  of 
structures  and  measurement  of  water  elevations  in  observation  holes  is  essential. 

d.  Necessity  for  Phase  II  Based  on  results  of  the  Phase  I  Inspection, 
further  investigation  of  the  actual  strength  of  various  materials  in  the  zone 
dam  and  characteristic  of  the  riprap  toe  to  determine  whether  there  has  been 
inwash  of  materials  by  through-seepage  and/or  underseepage  which  could  affect 
the  long-term  stability  of  the  dam,  are  recommended. 

e.  Seismic  Stability  This  dam  is  located  in  Seismic  Zone  1.  A  detailed 
seismic  analysis  is  not  recommended. 


7.2  REMEDIAL  MEASURES 

a.  Alternatives  The  dam  height  and  spillway  weir  length  and  elevation 
will  not  be  endangered  by  a  PMF.  While  the  probability  of  damage  to  the 
spillway  channel  below  the  weir  is  indicated  for  a  50%  PMF,  since  this  will 
not  start  a  sequence  of  erosion  that  will  reach  the  dam,  it  is  not  considered 
a  correctable  deficiency. 

b.  Stability  and  Seepage  Analysis  The  owner  should  have  an  engineer 
experienced  in  design  and  construction  of  dams  prepare  stability  analyses  for 
the  materials  used  as  they  exist  in-place  and  seepage  patterns  as  they  have 
been  observed  and  can  reasonably  be  anticipated. 


18 


Am* 


c.  Operation  and  Maintenance  Procedures  Following  O&M  procedures  are 
recommended: 

(1)  Continue  the  aggressive  program  of  inspection  of  all  portions 
of  the  dam  and  spillway  as  have  been  currently  active. 

(2)  For  the  scope  of  coverage  of  these  periodic  observations,  an 
engineer  experienced  in  design,  construction  and  maintenance  of  dams  and 
related  appurtenances  should  be  aware  of  the  history  of  Fellows  Lake  Dam  and 
available  on  call. 

(3)  Continue  maintenance  repair  work  of  minor  nature  as  quickly 
as  possible. 

(4)  The  City  of  Springfield  has  indicated  that  it  has  organized 

a  telephone  warning  net  to  alert  persons  in  the  area  if  extremely  heavy  rains 
occur  or  unusual  changes  are  detected  at  the  dam.  This  program  should  be 
kept  operative. 

(5)  The  owner  should  continue  to  keep  records  of  observations  in 
more  detail  than  presently  reflected  in  the  biennial  reports  for  City 
Utilities. 
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APPENDIX  A 


HYDROLOGIC 
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hydraulic  calculations 


A.  1 


HYDROLOGIC  AND  HYDRAULIC  ANALYSIS  METHODOLOGY 


.1  Ihe  hydrol. gic  analysis  used  in  development  of  the  overtopping 
potential  is  based  on  applying  a  hypothetical  storm  to  a  unit  hydrograph 
to  obtain  the  inflow  hydrograph  for  a  reservoir  routing.  The  Probable 
Maximum  Precipitation  for  those  dams  in  the  high  hazard  potential  category 
is  derived  and  determined  from  egional  charts  prepared  by  the  National 
Weather  Service  in  ''Hydrometeorological  Report  No.  33".  Reduction  factors 
have  not  been  applied.  A  24-hour  storm  duration  is  assumed  with  the  24-hour 
rainfall  depths  distributed  over  6-hour  periods  in  accordance  with  proce¬ 
dures  outlined  in  EM  1110-2-1411  (SPF  determination).  The  maximum  6-hour 
rainfall  period  is  then  distributed  to  hourly  increments  by  the  same  criteria. 
Within- the-hour  distribution  is  based  upon  NOAA  Technical  Memorandum  NWS 
HYDRO-35.  The  non-peak  6-hour  rainfall  periods  are  distributed  uniformly. 

All  distributed  values  are  arranged  in  a  critical  sequence  by  the  SPF 
criteria.  The  final  hydrograph  is  produced  by  deduction  of  infiltration 
losses  appropriate  to  the  soil ,  land  use  and  antecedent  moisture  conditions. 

.2  The  reservoir  routing  is  accomplished  by  using  Modified  Puls  routing 
techniques  wherein  the  flood  hydrograph  is  routed  through  lake  storage. 

Hydraulic  capacities  of  the  spillway  and  crest  of  dam  are  used  as  outlet 
controls  in  the  routing.  Storage  in  the  pool  area  is  defined  by  an  elevation- 
area  curve.  The  hydraulic  capacity  of  the  spillways  is  defined  by  an  elevation- 
discharge  curve  (see  Section  A. 2-3).  The  hydraulic  capacity  of  the  top  of  dam 
is  defined  by  a  trapezoidal  broad-crested  weir  equation. 

.3  Dam  overtopping  analysis  has  been  conducted  by  hydrologic  methods 
for  this  dam  and  lake.  This  computation  determined  the  percentage  of  the 
PMF  hydrograph  that  the  reservoir  can  contain  without  the  dam  being  overtopped. 
An  output  summary  in  the  hydrologic  appendix  displays  this  information  as  well 
as  other  characteristics  of  the  simulated  dam  overtopping. 

.4  The  above  methodology  has  been  accomplished  for  this  report  using  the 
systemized  computer  program  HEC-1  (Dam  Safety  Version),  July  1978,  prepared 
by  the  Hydrologic  Engineering  Center,  U.S.  Army  Corps  of  Engineers,  Davis, 
California.  The  numeric  parameters  estimated  for  this  site  are  listed  on 
Plate  A. 1.  Definitions  of  these  variables  are  contained  in  the  "User's  Manual" 
for  the  computer  program. 
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A.2.1 


HYDRAULICS  OF  FELLOWS  DAM  SPILLWAY 


.1  According  to  the  Contract  Documents  for  original  construction,  the 
spillway  was  designed  for  a  discharge  of  25,000  cubic  feet  per  second.  This 
is  equivalent  to  using  a  coefficient  of  6000  in  the  Meyers  formula  Q  =  C..  M, 
where  M  is  the  drainage  area  in  square  miles.  Flows  from  the  Probable  Maximum 
Flood  (PMF)  will  be  greater  than  the  spillway  design  capacity.  An  analysis 
of  the  hydraulics  of  the  spillway  channel  was  made  to  evaluate  discharge 
characteristics  above  design  flows. 

.2  The  hydraulic  control  for  design  discharge  is  the  capacity  of  the 
700-foot  long  weir  crest  parallel  to  the  outlet  channel.  This  weir  is  of  an 
unusual  shape- (see  Plate  A-2.)  A  discharge  coefficient  of  3.45  was  considered 
appropriate.  Water  surface  elevations  in  the  side  channel  are  controlled  by 
minimum  specific  energy  in  the  channel  near  the  break  in  grade  at  Station 
5+50  and  friction  and  momentum  losses  above  the  control  section.  The  weir 
discharge  enters  the  side  channel  at  a  right  angle  to  the  direction  of  flow 
down  the  channel.  There  are  appreciable  energy  and  momentum  losses  in  the 
direction  of  flow  down  the  channel  because  of  the  impact  of  weir  flow  on  the 
mass  of  water  moving  down  the  channel  (see  Ref.  1).  Water  surface  profiles  in 
the  spillway  channel  were  calculated  using  the  Hydrologic  Engineering  Center 
Program  HEC-2  with  cross-sections  at  100-foot  intervals.  As  discharge  increases, 
critical  depth  control  moves  downstream.  Several  sections  were  inserted  between 
Stations  7+00  and  5+00  to  locate  this  critical  depth  control  with  better 
precision.  Calculated  profiles  in  the  channel  using  constant  discharge  along 
the  weir  and  an  energy  loss  coefficient  of  0.5  indicates  that  the  weir  will 
not  be  appreciably  affected  by  submergence  at  25,000  cfs.  Submergence  of  the 
weir  along  the  uppermost  portion  of  the  channel  does  begin  at  flows  slightly 
greater  than  25,000  cfs.  This  is  a  flow  equal  to  about  twice  the  outflow  of 
a  100-year  rainfall. 

.3  In  order  to  extend  the  rating  curve  of  the  spillway  to  allow  routing 
of  the  PMF,  which  requires  outflows  more  than  twice  spillway  design  discharge, 
calculations  of  water  surface  profiles  in  the  channel  were  made  on  the  basis 
of  a  parabolic  variation  of  discharge  between  Stations  0+00  and  5+00  and  a 
linear  relationship  from  Stations  5+00  and  7+00  for  total  channel  discharges 
of  25,000  cfs  to  65,000  cfs.  No  corrections  were  made  for  variation  of  dis¬ 
charge  between  Stations  5+00  and  7+00  versus  actual  energy  grade  in  the 
reservoir.  The  effect  on  the  flood  routing  would  be  minimal. 

.4  At  25,000  cfs  two  feet  freeboard  below  the  top  of  concrete  channel 
lining  would  exist  at  Station  5+00.  The  calculated  profiles  also  indicate 
that  one  foot  overtopping  of  the  channel  lining  at  Station  5+00  will  occur 
at  a  spillway  discharge  of  35,000  cfs.  At  a  discharge  of  45,000  cfs  the  10-foot 
earth  berm  will  be  overtopped  one  foot  and  at  55,000  cfs  the  earth  berm  may  be 
overtopped  by  three  or  four  feet.  Longitudinal  velocities  are  calculated  to 
be  in  excess  of  10  feet  per  second.  Velocities  at  the  lower  end  of  the  steep 
chute  would  be  60  to  70  feet  per  second  for  flows  over  10,000  cfs. 


Ref.  1:  Hinds,  Julian,  "Side  Channel  Spillways,  Hydraulic  Theory  Economic 
Factors  and  Experimental  Determination  of  Losses",  Transactions 
ASCE,  Vol.  89,  p.  881  (1926). 


A. 3.1  HYDROLOGY 


Soils  in  the  watershed  are  estimated  to  average  as  Hydrologic  Soil 
Group  C.  Land  use  in  the  watershed  appears  to  be  30%  woods,  30%  cropland 
and  40%  pasture. 

The  SCS  curve  number  for  antecedent  moisture  Condition  II  was  estimated 
as  76  and  for  Condition  III  as  89.  Lag  times  were  calculated  from  equation 
15.4  of  the  SCS  Hydrology  Handbook. 

The  watershed  consists  of  two  main  branches  and  some  area  more  or  less 
directly  tributary  to  the  reservoir.  For  purposes  of  this  investigation, 
four  hydrographs  of  inflow  were  computed,  combined  and  routed.  One  hydrograph 
was  calculated  for  5.52  square  miles  tributary  at  the  upper  end  of  the  south 
arm  of  the  reservoir.  Another  was  calculated  for  7.37  square  miles  tributary 
at  the  upper  end  of  the  north  branch  of  the  reservoir.  The  remaining  7.2 
square  miles  was  divided  into  equal  parts£>ne  containing  the  1.17  square  mile 
reservoir  and  the  areas  directly  tributary  to  the  reservoir  and  the  other 
representing  the  remaining  local  tributary  area.  These  four  hydrographs 
were  combined  and  routed  through  the  reservoir.  A  lag  time  of  0.35  hours 
was  used  for  the  directly  tributary  area  to  avoid  error  messages  in  the 
computer  program. 

It  was  assumed  that  flow  through  the  length  of  the  reservoir  would  not 
take  any  appreciable  time.  As  a  rough  check,  flows  for  the  100-year  storm 
were  compared  with  the  100-year  flow  estimated  for  Big  Buffalo  Creek  (20.4 
square  miles)  by  the  Kansas  City  District,  Corps  of  Engineers.  It  was  found 
that  the  peak  of  combined  hydrograph  for  Fellows  Lake  was  somewhat  in  excess 
of  that  for  Big  Buffalo  Creek,  which  should  be  the  case  since  inflow  to  the 
reservoir  rather  than  flow  at  the  damsite  had  been  calculated. 
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PREVIEW  OF  SEQUENCE  OF  STREAM  NETWORK  CALCULATIONS 
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INFLOW  HYOROGRAPH  SOUTH  BRANCH 
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3034. 

1.01  23.40 

1*? 

.04 

•  04 

.00 

1362. 

1.01 

11. SO 

71 

.12 

.11 

.01 

3057, 

1.01  23.50 

1*3 

.0* 

•  04 

.00 

1310. 

1.01 

12.00 

72 

.12 

•  n 

•  00 

3079, 

1.02  0.00 

144 

.04 

•  04 

•  00 

1263. 

crs 

e*s 

INCHES 
MN 
AC-FT 
TMfTHS  CU  * 

PEAR 

29223. 

626. 

6-M0U8  24-H0U6 

18007.  6157. 

533.  174. 

23.74  11.09 

602.95  789.58 

9326.  12212. 

11503.  15064. 

72-hOUM 

6157. 

174. 

31  .09 
789.56 
12712. 
15064. 

SUM  32.96 
(  837. 

TOTAL  VOLUME 
886622. 

?5 l 06 • 
11.09 
T89.56 
12212. 
1506*. 

31.55 
1  t  801. 

1.41  887278. 

)  I  36.M25124.92I 
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5U6-*rea  Runoff  conputhion 


lNf|  OP  MYDaoaOAPH 
1ST  *0 

LOCAL  TRIBUTARY  area 
ICOHP  I E  CON  I  TAPE 

JPLT 

JP“T 

InanE  IsTifiE  I  AUTO 

LCL 

0 

-0  -0 

1 

i 

1 

-0  -0 

iMYna  iu>«6 

T  APE  A 

SNAP 

HYDftOOOAPH  OATA 
T8S0A  TRSPC 

PATIO 

15*06 

ISANC 

LOCAL 

1  2 

3.60 

-0.00 

3.60  1.00 

-0.000 

-0 

1 

-0 

SPFI 

P*S 

86 

PRECIP  DATA 
612  62* 

6*6 

672 

696 

-0.00 

26.60 

99.00 

119.00  123.00 

-0.00 

-0.00 

-0.00 

LOSS  DATA 


L60PT 

-0 

STPKR 

-0.00 

OLTKR 

-0.00 

6TI0L 

1.00 

FRAIN  STRKS  RTJOK 
-0.00  -0.00  |.00 

STPTL 

-1.00 

CNSTL 

-89.00 

alSni 

-o.oo 

RTTwP 

.02 

curve  no  ■ 

-69.00 

mETnESS 

*  -1.00  EFFECT  CN  • 

69.00 

TC* 

UNIT  NYOROORAPh  DATA 
-0.00  LAO*  .66 

ST8T0*  -1 

RECESSION  OATA 
.30  QRCSN*  -.10 

RT 106* 

2.00 

UNIT  MYOOOORAPH  2?  f NO  Of  PERIOD  0R0IN*TE5.  rc»  -0.00  HOu*S«  LAO* 
205.  90S.  1013.  2308.  2203.  192*.  139*.  921. 

312.  218.  ISO.  10*.  72.  SO.  3*.  25. 

7.  2. 


.68  VOL*  1.00 

639.  *5*. 

10.  12. 


0  ENO-OF-PERI 00  f LO* 


“0.0* 

HR.MN 

PERIOO 

Rain 

EXCS 

LOSS 

COMP  o 

“0.0*  HR.MN 

PFPicn 

R«1N 

EXCS 

LOSS 

COHP  o 

1.01 

.10 

1 

•  02 

.00 

.02 

5. 

1.01  12.10 

73 

.4* 

.43 

.02 

1669. 

l.M 

.20 

2 

•  02 

.00 

.02 

5. 

1.01  12.20 

7* 

,  ** 

.43 

•  01 

1954. 

l.ol 

.30 

3 

.02 

.00 

.02 

5. 

1.01  12.30 

75 

.44 

.*3 

.01 

2524. 

l.Dl 

.  *0 

* 

.02 

•  00 

.02 

6. 

1.01  12.*0 

76 

.44 

•43 

•  01 

3251. 

1.01 

.50 

S 

.02 

.00 

•  0? 

7. 

1.01  12.50 

77 

.44 

.43 

.01 

3973. 

1.01 

1.00 

6 

.02 

.00 

.0? 

6. 

1.01  13.00 

78 

.44 

.43 

.01 

*506. 

l.M 

1.10 

7 

.02 

.00 

.02 

8. 

1.01  13.10 

79 

.53 

.52 

.01 

5060. 

1.01 

1.20 

6 

.02 

.00 

.02 

6. 

1.01  13.20 

60 

.53 

.52 

.01 

5441 . 

1.01 

1.  iO 

4 

•  02 

.00 

.0? 

6. 

1.01  13.30 

61 

.53 

.52 

.01 

5613. 

1.01 

1 .  *  0 

10 

.0? 

.00 

.02 

0. 

1.01  13.*0 

62 

.53 

.52 

.01 

6169. 

t.ol 

1.50 

11 

.02 

.00 

•  0? 

9. 

1.01  13.50 

63 

.53 

.52 

.01 

6*79. 

1.61 

2.00 

12 

.02 

.00 

•  02 

9. 

1.01  l*.0O 

0* 

.53 

.52 

.01 

6727. 

1.01 

2.10 

13 

•  02 

.00 

.02 

10. 

1.01  1*.10 

65 

.66 

.66 

.01 

69*5. 

1.01 

2.20 

1* 

.02 

.00 

.0? 

13. 

1.01  l*.20 

66 

.66 

.66 

.01 

7107. 

1.01 

2.30 

IS 

.02 

.00 

.0?  . 

17. 

1.01  1*. 30 

87 

.66 

.66 

.01 

751*. 

l.»l 

2.*0 

16 

.02 

.00 

.0? 

2*. 

1.01  1*.*Q 

66 

.66 

.66 

•  00 

7082. 

i.ol 

2. SO 

17 

.02 

.01 

.02 

31. 

1.01  l*.S0 

69 

.66 

.66 

.00 

0229. 

l.»i 

3.00 

1* 

•  02 

.01 

.02 

39. 

1.01  15.00 

40 

.66 

•  66 

.00 

0517. 

1 .01 

3.10 

19 

.02 

.01 

.02 

*6. 

1.01  15.10 

91 

.60 

.60 

.00 

0710. 

1.01 

3.20 

20 

.02 

.01 

.02 

57. 

1.01  15.20 

92 

1.01 

1.00 

.01 

6913. 

I.ol 

3.30 

21 

.02 

.01 

.02 

65. 

1.01  15.30 

97 

1.81 

1.81 

.01 

9*9*. 

1.01 

3.*0 

2? 

.02 

.01 

•  02 

7*. 

1.01  15. *0 

9* 

4.5* 

4.52 

.01 

1 IC62 . 

1.01 

3. SO 

23 

.02 

•  01 

.02 

62. 

1.01  IS. 50 

95 

1.31 

1.31 

.00 

15505. 

1.01 

*.00 

2* 

.02 

.01 

.01 

90. 

1.01  16.00 

96 

.81 

•  80 

.00 

20069. 

1.01 

*.10 

25 

.02 

•  01 

.01 

96. 

l.OI  16.10 

97 

.62 

.62 

.00 

22550. 

1.01 

4.20 

26 

.02 

.01 

•  01 

105. 

1.01  16.20 

96 

.62 

.62 

.00 

22317. 

1.01 

4.30 

27 

.02 

.01 

.01 

112. 

1.01  16.30 

99 

.62 

.62 

.00 

20167. 

1.01 

*.*0 

26 

.02 

.01 

.01 

119. 

1.01  16.40 

loo 

.62 

.6? 

•  00 

1716*. 

1.01 

*.so 

25 

.02 

.01 

.01 

125. 

1.01  1 *  *  50 

101 

.62 

.62 

.00 

1**7*. 

1.01 

5.00 

30 

.02 

•  01 

.01 

132. 

1.01  17.00 

102 

.62 

.62 

.no 

12660. 

l.Ul 

5.10 

31 

.02 

.01 

.01 

136. 

1.01  17.10 

10  i 

.49 

.49 

.00 

11*19. 

1.01 

S.?0 

32 

.02 

.01 

.01 

1*3. 

1.01  17.20 

10* 

.** 

.*9 

.00 

10*27. 

l.oi 

5.30 

33 

.02 

.01 

.01 

1*9. 

1 .01  17.J0 

105 

.♦9 

.49 

.00 

958  7. 

1.01 

5.*0 

3* 

.02 

.01 

.01 

15*. 

1.01  17. *0 

106 

.44 

.♦9 

•  00 

0057. 

1.01 

s.so 

3S 

.02 

.01 

.01 

1*9. 

1.01  17.50 

107 

.♦9 

.49 

•  00 

0263. 

1.01 

6.00 

36 

.02 

.01 

•  6! 

164. 

1.01  16.00 

106 

.49 

.*9 

.00 

7667. 

*. ! ? 

2  - 

.  1  ? 

*1 

.99 

16*. 

1.01  18.10 

100 

.«* 

•  Os 

.«« 

)!*'  . 

1 .0  1 

6.20 

36 

.12 

.06 

•  0* 

2*1. 

1.01  18.20 

110 

.04 

.04 

•  00 

6720. 

1.01 

6.  30 

35 

.12 

.06 

•  0* 

35*. 

1.01  18.30 

111 

.04 

.0* 

.00 

576*. 

1.01 

4.*0 

*fl 

.12 

.06 

.03 

503. 

I.Oi  18.*0 

112 

.0* 

.0* 

.00 

*622. 

1  .ol 

6.50 

*1 

.  12 

.09 

.03 

661  . 

1,01  18. SO 

111 

.0* 

.0* 

.00 

351*. 

1.01 

7.00 

*2 

.12 

.09 

.03 

806. 

1.01  19.00 

11* 

.0* 

.0* 

•  00 

2566. 

1.01 

7.10 

*1 

.12 

.09 

.03 

926. 

1.01  14.10 

1  15 

.0* 

•  04 

.00 

21  70. 

l.ol 

7.20 

** 

.12 

.10 

.02 

1021. 

1.01  19.20 

1  16 

.0* 

.04 

.00 

2032. 

1.01 

7.30 

•s 

.12 

.10 

.0? 

1094. 

1.01  19.30 

117 

.04 

.0* 

.on 

1896. 

l.ol 

7.  *0 

«A 

.12 

.10 

.0? 

116*. 

1.01  19.40 

116 

.04 

.04 

.00 

1  769. 

l.ol 

7. so 

*7 

.12 

.10 

•  OP 

1218. 

1.01  19.50 

119 

.0* 

.0* 

.00 

1691  . 

l.ol 

H.lld 

•  6 

.12 

.10 

.02 

1263. 

1.01  20.00 

120 

.0* 

.0* 

.00 

15*0. 

1.01 

6.10 

*9 

.12 

.10 

.02 

1302. 

1.01  20.10 

121 

.0* 

.0* 

.00 

1*37. 

1.01 

6.20 

SO 

.12 

.10 

.01 

1335. 

1.01  20.20 

12? 

.04 

.04 

.00 

13*1. 

1.01 

6.30 

si 

.12 

.11 

.01 

1363. 

1.01  20.30 

127 

.04 

.0* 

.00 

1251. 

l.ol 

6.*0 

52 

.12 

.11 

•  01 

1386. 

1.01  ?0.*0 

12* 

.0* 

•  0* 

•  00 

1 167. 

l.ol 

6.50 

S3 

.12 

.11 

.01 

1*09. 

1.01  20.50 

125 

.0* 

.0* 

.00 

1089. 

1.01 

9.00 

S* 

.12 

.11 

.01 

1*28. 

1.01  21.00 

126 

.0* 

.04 

•  00 

1016. 

1.01 

9.  10 

ss 

.12 

.11 

•  01 

1**5. 

1.01  21.10 

127 

.0* 

.0* 

.00 

9*8. 

l.ol 

9.20 

56 

.12 

.11 

.01 

1*60. 

1.01  21.20 

126 

,04 

.0* 

.00 

005. 

1.01 

9.  30 

57 

.12 

.11 

.01 

1*7*. 

1.01  21.30 

129 

.0* 

.0* 

•  00 

025. 

l.oi 

9.*0 

56 

.12 

.11 

.01 

1*66. 

1.01  21.*0 

130 

.0* 

.0* 

.00 

770. 

1.01 

9.50 

59 

•  12 

.11 

.01 

1*96. 

1.01  21.50 

171 

.04 

.0* 

.00 

719. 

1.01 

10.00 

60 

.12 

.11 

.01 

1506. 

1.01  22.00 

13? 

.04 

.0* 

•  00 

670. 

t.ol 

10.10 

61 

.12 

.11 

•  01 

1515. 

1.01  22.10 

133 

.0* 

.04 

.00 

626. 

l.ol 

10.20 

62 

.12 

.11 

.01 

1523. 

1.01  22.20 

13* 

.04 

.04 

•  00 

584. 

1.01 

10.30 

63 

.12 

.11 

.01 

1530. 

1.01  22.30 

139 

.04 

•  04 

.00 

5*5. 

l.ol 

10. *0 

6* 

.12 

.11 

.01 

1537. 

1.01  22.40 

136 

.04 

.04 

.00 

508. 

l.oi 

10. SO 

6S 

.12 

.11 

.01 

15*3. 

1.01  22.50 

137 

.0* 

.0* 

•  oo 

*97. 

1.01 

11.00 

66 

•  12 

.11 

.01 

15*9. 

1.01  23.00 

136 

.04 

.04 

.00 

*97. 

1  .01 

11.10 

67 

.12 

.11 

.01 

1555. 

1.01  23.10 

139 

.0* 

.0* 

.00 

♦  97. 

1  .01 

11.20 

66 

.12 

•  11 

.01 

1560. 

1.01  23.20 

1*0 

.04 

.0* 

.00 

*97. 

l.oi 

11.30 

69 

.12 

.11 

.01 

156*. 

1.01  23.30 

1*1 

.04 

•  0* 

.00 

*97. 

l.ol 

It.  *0 

TO 

.12 

.11 

.01 

1569. 

1.01  23.40 

1*2 

•  04 

.0* 

•  00 

*97. 

l.ol 

1  l.sO 

7| 

.12 

•  11 

.01 

1573. 

1.01  23.50 

1*3 

•  0* 

.0* 

.00 

*97. 

1.01 

12.00 

72 

.12 

.11 

•  00 

1576, 

1.02  0.00 

14* 

.0* 

.0* 

•  00 

*97. 

SUM 

12.96 

31.55 

1.41 

**7326. 

{  037.) 

(  001.) 

1  36. 

» (12466.92 

peak 

6-MOUR  ?*-mQUR 

72-“OUP 

TOTAL  volume 

CFS 

22SS0 • 

9856. 

3105. 

3105. 

*47081. 

CNS 

639. 

279. 

68. 

66. 

12660. 

INCHES 

25.  *7 

32.09 

32.09 

32 

.09 

«N 

6*6.66 

615.09 

615.09 

615 

.09 

AC-FT 

*687. 

615*. 

6156. 

615*. 

THrtuS  Cu  " 

6026. 

f  S96  • 

759*. 

TS90. 
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SUP-ARC*  RUNOFF  COMPUTATION 


INFlOp  htOHOGOAPh 
1ST  AO 

OIBCCTLT  TRIBUTAPf  AREAS 

ICO*P  I E  CON  ITAP€  j*»Lt 

JPMT 

1NAMF  istaoe 

I  AUTO 

f>I»CT 

0-0-0  1 

J 

l  -0 

-0 

IMtne  lu«G 

T  A#C  A 

SNAP 

htqpoQpaph  OaTa 
THSOa  TKSPe 

PATIO 

I  Snow 

ISAMC 

LOCAL 

1  2 

3.60 

-0.00 

3.60 

1.00 

-0.000 

-0 

1 

-0 

SPFC 

PMS 

PA 

PPCCIP  OATa 
»12  «2* 

P*8 

R7? 

*96 

-0.00 

26.80 

09.00 

US. 00 

173.00 

-0.00 

-0.00 

-0.00 

LOSS  OATA 


L*0*T 

57*69 

OL  TAP 

PTIOL 

EPAIN  STRKS  8T  tO* 

STRTL 

CNSTl 

alSMi 

RT  I  Mp 

-0 

-0.00 

-0.00 

1.00 

- 

0.00  -0. 

00 

1.00 

-1.00 

-89.00 

-0.00 

.3* 

CURVF  NO 

■  -89.00 

PCTNCSS  » 

-1.00 

EFFECT 

CN  * 

89.00 

UNIT  MTOROGRO** 

OATA 

TC*  - 

0.00  L*5«  . 

39 

RECESSION  OATA 

STBTO- 

-.10  QRCSNp 

.10 

RTIORp 

2.00 

UNIT 

*ro*oa»APH  12 

ENO  OF 

PCR100  0*0 1 NATES •  TC»  *0. 

00  HOURS*  LA6P 

.35 

VOL*  1. 

.00 

1171. 

3601. 

3868 

.  2SAT  • 

1260. 

702. 

37* 

•  19*. 

107. 

57. 

33. 

15. 

0 

ENO-OF-PEPtOO  FLO* 

MQ.UA 

MR.MN  PC *100 

RAIN  CXCS  LOSS 

COMP  0 

MO.OA 

hR.hn 

PERIOO 

RAIN 

Exes 

LOSS 

COMP  Q 

1.01 

.10 

1 

.02 

.01 

.0? 

10. 

1.01 

12.10 

73 

•  66 

•  *3 

.01 

1961. 

1.01 

.20 

7 

.02 

.01 

.02 

39. 

1.01 

12.20 

74 

.66 

•  A3 

.01 

3119. 

1.01 

.30 

3 

•  02 

.01 

.02 

70. 

1.01 

12.30 

75 

•  66 

.63 

.01 

*339. 

1.01 

.AO 

A 

.02 

.01 

.02 

91. 

1.01 

12. AO 

76 

•  66 

.63 

.01 

5153. 

l.ol 

.SO 

5 

.02 

.01 

.02 

101. 

1.01 

12.50 

77 

.  6A 

.66 

.01 

5569. 

l.ol 

1.00 

6 

.02 

.01 

.02 

107. 

1.01 

13.00 

7* 

.66 

.66 

•  01 

5*02. 

l.ol 

1.10 

7 

.02 

.01 

.02 

no. 

1.01 

13.10 

79 

.53 

.52 

.01 

603*. 

l.ol 

1.70 

6 

.02 

.01 

.02 

111. 

1.01 

13.20 

90 

.53 

.52 

.01 

6*21  . 

1.01 

1.30 

9 

.02 

.01 

.02 

112. 

1.01 

13.30 

81 

.53 

.53 

.01 

6601. 

l.ol 

l.*0 

10 

.02 

.01 

.02 

111. 

1.01 

13. *0 

8? 

.53 

.53 

.00 

7050. 

1.01 

1.S0 

u 

.02 

.01 

.02 

113. 

1.01 

13.50 

83 

.53 

.53 

.00 

7161. 

1.01 

2.00 

12 

.02 

.01 

.02 

UA. 

1.01 

1A.00 

6A 

.53 

•  53 

.00 

7255. 

1.01 

2.10 

13 

.02 

.01 

.01 

117. 

1.01 

1 A  .  1  0 

85 

.66 

.66 

.00 

7*48  . 

l.ol 

2.70 

U 

•  02 

.01 

.01 

1 22. 

1.01 

1  *  .20 

*6 

.66 

•  66 

.00 

79*6. 

1  .ft  1 

2.30 

15 

.02 

.01 

.01 

128. 

1.01 

1**30 

*7 

.66 

.66 

.00 

8*66. 

1.01 

2.  *0 

16 

.02 

.01 

.01 

135. 

1  •  ft  1 

1*.*0 

** 

.66 

.66 

•  00 

861*. 

1.01 

2.50 

17 

.02 

.01 

.01 

1 A  1  • 

1.01 

1  a  .  50 

89 

.66 

.66 

.00 

6991  . 

1.01 

3.00 

16 

.02 

.01 

.01 

1A8. 

1.01 

15.00 

90 

.66 

.66 

.00 

9090. 

1.01 

3.10 

19 

.02 

.01 

.01 

ISA. 

1.01 

15.10 

91 

.60 

.60 

.00 

9075. 

1.01 

3.70 

20 

.02 

.01 

.01 

160. 

l.ol 

15.20 

9? 

1.01 

1.00 

•  00 

9366. 

1.01 

3.30 

21 

.02 

.01 

.01 

166. 

1.01 

15.30 

91 

1.81 

1.61 

.01  . 

115*9. 

1.01 

3. AO 

2? 

.02 

.01 

.01 
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.01 

.01 

190. 

1.01 
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.01 
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.62 

.62 
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1.01 

16. AO 
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.62 
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30 

.02 

.02 

.01 
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17.00 
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.62 
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.03 

566. 
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.00 
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1.01 

6.30 

J9 

.12 

.09 

.03 
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.0* 
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.0* 

.00 

7108. 

l.ul 

7.10 

AS 

.12 

•  in 

.01 

1395. 

1.01 

19.30 

1  1  T 

.0* 

.0* 

.00 

19«»7. 

1.01 

7  .  *  0 

*6 
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A  9 
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.01 
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.0* 
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.0* 
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l.ol 
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.n 

.01 
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.0* 
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.12 

.11 
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.0* 

.0* 
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.01 

1 92A  . 

1.01 

20.50 
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l.ol 
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.0* 
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.0* 
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ham.  plan  i.  patio  i 


MO. 01  HP.NN  PERIOD 


F«D-OF-PEwIon  MYQB06PAPH  opoInaTES 
HOUPS  INFLOW  OUTFLOW 


1.01 
1.01 
1.01 
1.01 
1.01 
1.01 
1.01 
1.01 
1.01 
1.01 
1.01 
1.01 
1.01 
1.01 
1.01 
1.01 
1.01 
1.01 
1.01 
1.01 
1.01 
1.01 
1.01 
1.01 
1.01 
1.01 
1.01 
1.01 
1.01 
1.01 
1.01 
1.01 
1.01 
1.01 
1.01 
1.01 
1.01 
1.01 
1.01 
1.01 
1.01 
1.01 
1.01 
1.01 
1.01 
1.01 
l.ol 
1.01 
1.01 
1.01 
l.ol 
l.ol 
1.01 
1.01 
1.01 
1.01 
1.01 
1.01 
1.01 
1.01 
1.01 
1.01 
1.01 
1.01 
1.01 
1.01 
1.01 
1.01 
1.01 
1.01 
1.01 
1.01 


.10 

.20 

.30 

.*0 

.50 

1.00 

1.10 

1.20 

1.30 
1  .*0 
1  .50 
2.00 

2.10 
2.2  0 

2.30 

2.  AO 

2.50 
3.00 
3.10 

3.20 

3.30 

3.  AO 

3.50 
A. 00 
A. 10 
A. 20 
A. 30 
A. AO 
A. 50 
5.00 

5.10 

5.20 

5.30 

5. *0 

5.50 

6.00 

6.10 

6.20 

6.30 

6.  AO 

6.50 
T.  00 

7.10 

7.20 

7.30 

7.  AO 

7.50 

0.00 

8.10 

8.20 

8.30 

8.  AO 

8.50 
9.00 

9.10 

9.20 

9.30 

9.  AO 

9.50 

10.00 

10.10 
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10.30 

10. AO 
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11.00 

11.10 
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5 

6 

7 
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9 
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11 
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1A 

15 

16 

17 

18 

19 
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25 

26 
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29 

30 

31 

32 
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3A 
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36 

37 

38 
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51 
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5A 
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56 

57 

58 

59 
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62 
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6A 

65 

66 

67 

68 

69 

70 

71 
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.17 
.33 
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•  b7 
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1.00 

1.17 

1.33 

1.50 
1  .67 

1.83 

2.00 

2.17 

2.33 
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3.00 
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3.33 
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A. 83 
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7.67 

7.83 

8.00 
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8.33 

8.50 

8.67 

8.83 
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9.67 
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176. 
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275. 
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1305. 
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612. 
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26503. 

1260.* 
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26*81 . 
26*81  . 
26*82. 
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77 

12.83 
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.01 

14.10 
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.01 
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86 
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2937b 

.01 
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87 
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.01 
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88 
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89 
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29929 

.01 

15.00 

90 
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39*07. 
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91 

15.17 
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27305. 

30300 

.01 

16.20 

92 

15.33 

*227*. 

285*3. 

30*87 

.01 
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93 
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94 
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.01 
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95 
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.01 
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96 
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.01 
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97 
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.01 
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98 
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*2958. 
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99 
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.01 
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745*7. 

*79*0. 
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.01 
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17.00 
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*9717. 

3*778 

.01 

17.10 
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17.17 

72722. 

51*20. 

36090 

.01 

17.20 
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17.33 

708*7. 

52879. 

36361 

.01 

17.30 
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17.50 

68*85. 

5383*. 

36585 

.01 

17. *0 

106 

17.67 

6581*. 
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3576* 

.01 

17.50 
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17.83 
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35897 

.01 

18.00 
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18.00 

60162. 
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.01 
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18.17 

56647. 
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ENGINEERING  GEOLOGIC  REPORT  ON  FELLOWS  LAXE  SITE 


GREENE  COUNTY,  MISSOURI 

LOCATION :  North  central  portion  of  Sec.  22,  T.  30  N.,  R.  21  W.,  Bassvillfe  Quadrangle 

On  February  23,  1977,  a  geological  inspection  was  made  on  the  Fellows  Lake  site 
at  the  request  of  the  city  of  Springfield.  A  small  hole  has  been  discovered  on  top 
of  the  dam  by  one  of  the  municipal  workers  and  also  two  of  the  piezometer  holes  had 
indicated  a  raise  in  water  level  in  the  downstream  slope  of  the  dam. 

Accompanying  me  on  the  investigation  were  two  gentlemen  from  Harza  Company,  Chi¬ 
cago,  IL  and  three  officials  from  the  city  of  Springfield.  The  hole  which  the  city 
was  worried  about  was  located  on  top  of  the  dam  near  the  south  abutment.  The  hole 
was  approximately  8  inches  in  diameter  and  18  inches  deep.  It  had  straight  sides  and 
consisted  of  brown  soil  mixed  with  what  appeared  to  be  either  limestone  dust,  grout, 
or  possibly  bentonite.  The  hole  was  situated  in  a  line  where  grout  holes  had  been 
drilled  in  the  1950's  when  this  dam  was  constructed.  The  Harza  people  shoved  a  re¬ 
inforcing  rod  down  the  hole  for  depth  of  about  5  feet.  The  soil  was  soft  inside  this 
hole.  However,  on  each  side  of  the  hole,  the  rod  encountered  hard  soil.  The  consen¬ 
sus  of  opinion  was  that  this  hole  was  probably  an  old  grout  hole  that  had  been  filled 
with  soil  and  soil  within  the  hole  had  settled.  The  hole  was  not  a  result  of  piping 
caused  by  water  movement  through  the  dam. 

The  piezometer  holes  that  had  indicated  a  rise  in  water  were  checked  to  be  sure 
they  were  not  plugged.  A  tape  with  a  steel  U-bolt  was  placed  on  the  end  of  the  tape 
and  run  down  the  hole.  Holes  measured  from  10  to  11  feet  deep.  The. piezometer  holes 
that  indicated  high  water  were  close  to  gether.  One  of  the  holes  had  a  water  depth  of 
1  foot  below  the  surface  of  the  dam.  A  careful  check  was  made  on  the  slopes  of  the 
dam  downslope  from  the  piezometer  holes.  In  places  there  was  wet  soil  but  this  was 
from  thawing  snow  and  ice.  There  were  no  signs  of  slippage  or  any  indication  of  wet 
saturated  soil  on  the  slopes  of  the  dam  below  the  piezometer  holes. 

No  reason  could  be  determined  for  the  high  water  tables  in  the  piezometers.  It 
was  the  opinion  that  the  high  water  readings  were  of  local  significance  only  and  that 
they  were  not  an  indication  of  widespread  raise  in  phreatic  water  level  in  the  dam. 
It  was  suggested  that  the  city  continue  measurements  in  the  piezometer  holes. 

SUMMARY: 


The  hole  in  top  of  the  dam  was  caused  by  settlement  of  soil  in  an  old  grout  hole 
The  high  water  readings  in  the  piezometer  holes  were  of  local  influence  and  there  was 
no  surface  indication  of  soil  slipping  on  the  dam  slopes. 


John  W.  Whitfield,  Geologist 
Applied  Engineering  &  Urban  Geology 
Geology  &  Land  Survey 
March  1,  1977 


APPENDIX  B 


ENGINEERING  GEOLOGIC  REPORT  ON  THE  FELLOWS  LAKE  SITS 
Greece  County 

I££ATION:  Portions  of  Sec.  22,  23,  24  and  23,  T.  30  H„  E.  21  W.', 

Several  bedrock  formation*  occur  in  the  Sac  Elver  Valley  and  adjoining 
watershed  slopes  In  and  near  Fellows  Lake.  Bedrock  in  the  valley  is  taade  up 
of  the  Horthviav  Formation,  a  massively  bedded  ailtstone  and  shale.  This  bed¬ 
rock  formation  is  relatively  'impermeable  and  stable  accept  for  areas  where  the 
shale  portion  has  been  severly  Weathered.  Bedrock  on  the  valley  slopes  is 
made  up  of  a  vary  cherty  limestone.  Thij  formation,  the  Elaey,  weathers  to  a 
rubbley  soil  made  up  of  more  than  50  percent  angular  chert  fragments.  •  The 
intermixed  fine  material  consists  of  silt  and  silty  clay.  Thus  this  Very 
stony  soil  can  be  a  source  for  suitable  fill  material  in  a  dam  provided  con¬ 
struction  pro  cedar  as  *axa  ^adequate.  Halted  portions  of  the  upper,  yatsrahed 
slopes  are  underlain  by  the  Burlington  Liras  tons.  This  is  a  massively  bedded 
limestone  with' some  chert  present.  The  soil  derived  from  weathering  of  the 
Burlington  Limestone  is  a  moderately  to  highly  permeable  red  clay  with  a 
minor  amount  of  admired  stones.  The  setting  of  7ellows  Lake  is  representative 
of  gaining  river  valleys  and  largar  streams  in  southwestern  Missouri.  It  is 
not  typical  of  small  tributary  valleys  that  are  present  in  the  karst  or  sink¬ 
hole  setting  that  la  widespread  in  this  region.  The  variation  os  rock  formations 
ia  eacewhat  unusual  however  even  for  the  larger  valleys.  Many  lakes  -ih  this 
setting  are  underlain  by  only  one  formation,  usually  the  Burlington  Limestone, 
Typically,  the  soils  In  the  watershed  are  those  that  have  been  derived  by 
weathering  of  the  Burlington  Limestone.  Consequently  the  stena  content  is 
eooewhat  leas  than  that  which  characterises  the  watershed  of  Fellows  Lake. 
Howerver,  the  holla  and  bedrock  within  Fallows  Lake  as  within  much  of,  aetith- 
veatera  Missouri  are  moderately  to  highly  permeable.  Consequently  cons  id  Arabia 
e  tor  age  of  moisture  during  rainfall  occurs.  Thus  sustained  flow  ecu  be  ex¬ 
pected  in  those  streams  recharged  by  springe  from  the  moisture  storage  within 
the  permeable  coll  and  moderately  to  highly  permeable  bedrock; 

Iba  soil 'is  sot  susceptible  to  'erosion  problems  unless  crcp/aad'sr.davalop- 
mant  procedures  are  extremely  ian.  Again  this  is  typical  of  the  general  region. 

JvBsdlay  Yilliasa,  Chief 
Applied  Engineering  &  Orb  an'.  Geology  Section 
Office  of  State  Geologist 
January  10,  197} 
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